WATER RESOURCES OF THE FORT UNION
COAL REGION, EAST-CENTRAL MONTANA

by Steven E. Slagle

U.S. GEOLOGICAL SURVEY

Water—Resources Investigations Report 83-4151

Prepared in cooperation with the
MONTANA BUREAU OF MINES AND GEOLOGY and the

U.S. BUREAU OF LAND MANAGEMENT

Helena, Montana
December 1983



UNITED STATES DEPARTMENT OF THE INTERIOR

JAMES G. WATT, Secretary

GEOLOGICAL SURVEY

Dallas L. Peck, Director

For more information write to: Copies of this report can be
purchased from:

District Chief Open-File Services Section
U.S. Geological Survey Western Distribution Branch
428 Federal Building U.S. Geological Survey

301 S. Park Box 25425, Federal Center
Drawer 10076 Denver, CO 80225

Helena, Montana 59626 (Telephone: [303] 234-5888)




CONTENTS
Page

ADSETACE o o o o o o o o o s o o o o o o o o o 6 s o o s o o o s o o s o o s
Introduction o o o ¢ ¢ o o o ¢ o o s s s s 4 s s e 6 s s s s s 6 s s e e s s e
Purpose and SCOPE:s o« ¢ ¢ o ¢ o o o o o o o o o o o ¢ o o o ¢ o o & o & o s
Location and extent of areas « o« ¢ o o o o o o ¢ o o o o o o 4 6 s 6 e s e
Physiography « o« o ¢ o ¢ o o ¢ o o o o ¢ o o o o o o o o o s o o o o o o o »
Climatee o o o o o o o s o o s o o o o s o o o o o o o o o o o o s s o o o
INAUSETY « o o o o o o o o o 6 o o o 6 6 ¢ o s 6 o o o o o o o o o s o o o
Previous investigationsSe « o « o o ¢ o o o o o o o o o ¢ o o s o s o o o o
AcknowledgmentSs « o o o o o o o o o o o o o o o o 6 4 s s 8 6 s s e 6 6 e
GEOlOgYe o o o o o o o o o o o o o s o 8 s 8 4 s e 8 6 s e s e s e s e s s e
Stratigraphy o o o o o o o o ¢ 6 4 4 e s 4 6 4 6 4 s 6 e b e 6 s s e e s e
SETUCEUTE. o o o o o o o o 6 ¢ o s o o o o o o s o o s o o o s o o o o o o o
Hydrologye o o o o o o o o o o o o o o o o o o o o o o o o o o o o s o o o o o 10
Water—yielding characteristics of the shallow aquifer system « « « o« o« « o o 10
Bearpaw confining layere o+ « o « o o o o o o o o s o o o o o« s o o o s o« o 10
Fox Hills—lower Hell Creek aquifer . « ¢« o« 4 o o o o+ o o s o o s s o o o o 10
Upper Hell Creek confining layer « « o o ¢ o o o o o o ¢ o o o o o o o o o 12
Tullock aquifer. « « o ¢ o o o o o o o o o s o 5 o s o o o s o o o o o o o 12
Lebo confining layer « ¢ o o o o o o o o o o o o o s o o s o o o o o o o o 12
Tongue River aquifer « « o ¢ ¢ o o o ¢ o o o o s o o o o o o s o s o o s o 12
Flaxville aquifer. o « « o o 4 o o o o o o o o o o o o o o o o o o o« s o« o 14
Glacial-drift aquifere o o ¢ o o ¢ o o o o o o o o o o o o o o o o o o o o 14
Terrace deposits and alluviume « o ¢ o« o ¢ o o 4 o o o o o 6 s o o o « o o L&
Ground-water movement. o s o o o o o o o s s o o s o o o s o o o o o o o o o b
Ground-water recharge.
Precipitatione. o« s+ o o o s o o o 6 o o o o o o o s o o s s s o o o o s & o 15
Streams and 1akeS. « « « o o o o o o o o s o o s o s o s s e o o s s s o o 15
Irrigation o o o o o o o o o 6 o s o 6 o o s o o s 4 s s e o s s e s s o o 16
Ground-water discharge « o o o o o o o o o o o o o o o o o o o o o s o o« o o 16
SETEAMSs « ¢ ¢ o o o o o« o o s o o o s o o o o s o o s o o o s o o o o o « 16
Evapotranspiration o« « « o ¢ o o o o o o o o o o o s o o o s s s o o o o 17
Withdrawal by wellsSe o o o o o o o o o o o o o o o o o o o o o s o o o o o o 17
SUrface WAteTrs o o o o o o o o s o o o o o o o s o s o s o o s s o s o » o o 18
Chemical quality of Wwaters « o« o o o o o o o o o o o o s o s o s o s o o » o 21
Water—use standardSe. o« o o« o o o o o o o o o o s o o s 6 o o o o s o o o s 21
Ground-water quUality o « o o o o o o o o o o o o o o s o s s o o s o s o s 25
Surface—-water qQUAlitye o o o o o o o o o o o o s o o o o s s 4 o s o s s o 28
SUMMAYYe o o « o o o o o s o 6 s o o o s s o o o s o s o s o o o o o s o o« & o 30
Selected references. « « o o o ¢« o o o o o o o o o s o o s o o s s 6 s o s s o 32

WU BN -

.
-
-
.
-
.
-
-
-
-
-
-
-
.
-
.
.
.
.
.
.
.
.
.
-
.
.
—
w

PLATE
Plate 1. Map showing water levels in aquifers less than 200 feet below

land surface in the Fort Union coal region, east—-central
Montana. L] L] L] . (] L] L] L] L] . L] . L] L] L] L] L] . L) . . L] . . L] . . In pocket

IIT



Figures 1-

Table 1.

2.
3.
4,

4.

FIGURES

*« o ® o e *® e e o & o @

Maps showing:

l. Location of study area « « « « +

2. Generalized geologye « ¢« ¢ o & o o«

3. Structural features of eastern Montana . « « + o o « o » =
4, Altitude and configuration of the

top of the Bearpaw Shale

and the extent of glacial advande. « -« « &+ ¢ o o = o s &«
Representative electric logs showing correlation between

selected geologic and hydrogeologic

UNLIESe o o o o o o o o o

Map showing location of selected streamflow—-gaging and water—

quality Stations + « o o o o o & o

Graphs showing average daily discharge
concentration at three stations on ﬁmall streams, 1979 water

year . o o . * & s o * o « o

o ® o o & e o o & & o

and dissolved-solids

"""« o o & o o & o o o o o

Bar graphs showing relationship of discharge to water type and
dissolved—-solids concentration at selected stations on small

streams. L] ® ®» o 5 ® s o o » s o

TABLES

Generalized description and water—-yieldijng characteristics

of

sedimentary units in east—central Montiana . « o+ o ¢ o & & o
Average discharge at selected streamflow-gaging stations . . . .

Drinking-water standards . « « o o o &
Summary of physical-property values and
concentrations in water from selected

IV

chemical—-constituent
WellSo L] L] L] L] L] * L] L] L]

® & » o o » o s o .

Page

O N W

11

13

20

22

29

19
23

26



CONVERSION FACTORS

The following factors can be used to convert inch-pound units in this report
to the International System of Units (SI).

Multiply inch—pound unit By To obtain SI unit

acre—-foot per year (acre—ft/yr) 0.001233 cubic hectometers per year
cubic foot per second (ft3/s) 0.02832 cubic meter per second

foot (ft) 0.3048 meter

gallon (gal) 0.003785 cubic meter

gallon per minute (gal/min) 0.06309 liter per second

inch (in.) 25.40 millimeter

mile (mi) 1.609 kilometer

micromho per centimeter microsiemens per meter
at 25° Celsius (umho/cm) 100 at 25° Celsius

square mile (miz) 2.590 square kilometer

ton, short 0.9072 megagram

Temperature can be converted to degrees Celsius (°C) and degrees Fahrenheit (°F) by
the equations:

°C = 5/9 (°F - 32)
°F = 9/5°C + 32

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum derived
from a general adjustment of the first—-order level nets of both the United States
and Canada, formerly called mean sea level. NGVD of 1929 is referred to as sea
level in this report.




WATER RESOURCES OF THE FORT UNION COAL REGION, EAST-CENTRAL MONTANA
by

Steven E. Slagle

ABSTRACT

The shallow ground-water system in the Fort Union coal area of east-
central Montana is contained in the Upper Cretaceous Fox Hills Sandstone
and Hell Creek Formation, the Paleocene Fort Union Formation, and Pleisto-
cene and Holocene glacial deposits, terrace deposits, and alluvium. All
these units overlie the Upper Cretaceous Bearpaw Shale, which forms the
base of the shallow aquifer system.

Recharge to the shallow ground-water system is from infiltration of
rainfall and snowmelt on the outcrops (estimated to be 50,000 acre-feet
per year), infiltration of surface runoff in streams, seepage from Fort
Peck Lake, and deep percolation of applied irrigation water. Discharge
from the system is to perennial streams (about 5,000 acre-feet per year
to the Redwater River) and withdrawal from wells for livestock use (about
2,000 acre-feet per year) and domestic use (about 2,500 acre-feet per
year). Evapotranspiration rate in the area is estimated to be between 34
and 45 inches per year.

Ground-water quality varies significantly as a function of depth and
aquifer. Water—quality patterns indicate two general flow patterns for
aquifers above the Hell Creek Formation; a shallow flow pattern that is
controlled by the local topography occurs in aquifers less than about 200
feet deep, and a more regional pattern is present in deeper aquifers. The
distinct chemical character of water in the Fox Hills-lower Hell Creek
aquifer may indicate a separate flow path. Primary constituents in water
from aquifers above the Hell Creek Formation are sodium, bicarbonate, and
sulfate. Average dissolved-solids concentrations are about 1,800 milli-
grams per liter. Water below a depth of about 200 feet contains a larger
percentage of sodium and bicarbonate than water at depths less than 200
feet. Water from the Fox Hills—lower Hell Creek aquifer, the deepest
aquifer in the shallow ground-water system, is dominated by sodium and
bicarbonate, with an average dissolved-solids concentration of 1,180
milligrams per liter.

The study area is drained principally by the Missouri and Yellowstone
Rivers, which are perennial, and their major tributaries, which are mostly
ephemeral or intermittent. Flows in most streams have large seasonal
variations, with most flow occurring in the spring as a result of rainfall
and snownmelt.

Water quality in streams within the area is dependent on flow condi-
tions. Dissolved—-solids concentrations generally are largest during in-
tervals of low flow, when streamflow is sustained by ground-water inflow,
and smallest during intervals of high flow. Dissolved-solids concentra-



tions of water from small streams within the area ranged from 160 to

6,960 milligrams per liter. (Quality of
Yellowstone Rivers is more uniform, and
generally range from 400 to 600 milligrams

INTRODUCTION

Large supplies of near-surface, low-sulfy
region of east—central Montana attractive as a
energy needs. The coal occurs as numerous an
tained principally within the Fort Union Forma
tracted by surface-mining methods at one mine
the proposals for future coal mining are for
prospect of increased coal development inclug
plants has fostered concern about the effects o1

The coal beds and lenticular sandstone cot

the water in the Missouri and
dissolved—-solids concentrations
per liter.

ir coal make the Fort Union coal
major source of supply for future
d widespread lignite deposits con-—
tion. Coal presently is being ex-
near Savage, Mont., and several of

the Fort Union coal region. The
iing coal conversion and synfuels
n the water resources.

ntained in the Fort Union Formation

are important aquifers in the area,

supplying water to numerous stock and domestic

wells and springs. Surface mining of certain
of the aquifer, but would cause temporary dewat
lying beds. Changes in the chemistry of the
mine site may also occur.

In anticipation of widespread development
Union coal region, the U.S.

Geological Survey
Bureau of Mines and Geology and the U.S. Bureau

coal beds not only would remove part
ering of parts of the coal and over-—
yround water in the vicinity of the

§

of the coal resources in the Fort
in cooperation with the Montana
of Land Management, began a series

[

of investigations describing the water resources in the coal areas of eastern Mon-—

tana in 1974, This study, which was begun in
those investigations.

Purpose and sc

1979, constitutes a continuation of

ope

The purpose of this report is to describe the existing hydrologic and water-—

quality conditions of the shallow ground—-water
to describe the surface—-water resources in the
tral Montana. The objective of the study was
be useful for water-resources planning.
were inventoried, 17 observation wells were dr
samples were collected for chemical analysis
also was compiled for about 1,700 wells in

depth, water 1levels, well discharge, drawdo

To meet this objective,

system above the Bearpaw Shale and
Fort Union coal region of east-—cen-—
to provide premining data that would
about 500 wells
illed and cased, and about 250 water
Previously collected information
the area. These data include well
n, and water use (Slagle, 1981).

Information on surface-water quantity and qual;hy was compiled from existing records

and previously published reports.

Location and extent

of area

The area of study for this report includ
Montana (fig. 1). The study area is bounded ong
the east by the Montana-North Dakota boundary,
River, and on the west by the Dry Arm of Fort
Dry Creek divide, and the Cherry Creek—-Custer {

les about 7,300 mi2 in east-central
the north by the Missouri River, on
on the southeast by the Yellowstone
Peck Lake, the Timber Creek-Little
lreek divide.
































































Table 3.--Drinking-water standards

Maximum contaminant level

Equivalent
Primary Secondary trace—constituent
standard’, standard?, concentration?,
in milligrams in milligrams in micrograms
per liter per liter per liter

Arsenic 0.05 - 50
Barium 1 - 1,000
Cadmium .010 -= 10
Chloride - 250 --

Chromium .05 - 50
Copper - 1 1,000
Dissolved solids - 500 -

Fluoride *2.2 - -

Iron - .3 300
Lead .05 - 50
Manganese - .05 50
Mercury .002 - 2
Nitrate (as N) 10 - -

Selenium .01 - 10
Silver .05 - 50
Sulfate - 250 -

Zinc - 5 5,000

1U.S. Environmental Protection Agency (1977).

2U.S. Environmental Protection Agency (1979).

3The U.S. Geological Survey reports trace—constituent concentrations in micrograms
per liter.

*Based on the range in annual average of maximum daily air temperatures of 53.8°
to 58.3°F.

Some investigators (see McKee and Wolf, 1971, p. 113) indicate that these
values are much too large for optimum growth and development of livestock. Also,
certain major ions may be more limiting than the sum of all constituents. For
example, livestock can tolerate the greatest dissolved solids when the primary con-
stituents in the water are sodium and chloride. Water containing a large concen-
tration of sulfate is much less desirable.

23



The suitability of ground water for livestock watering in southeastern Montana
can be assessed by reference to classifications |developed by the South Dakota
Agriculture Experiment Station and by the Montana State College, Agriculture Experi-
ment Station (McKee and Wolf, 1971, p. 113):

-
T

[

Dissolved-solids concentration,

Classification in milligrams per liter
Mornitana South Dakota

Excellent 0-1,000

-—= - - 0-2,500 = -

Good 1,000-4,000

Fair 2,500-3,500

- 4,000-7,000

Poor 3,500-4,500

- +

Unfit More than 4,500 More than 7,000

The suitability of water for irrigation use is dependent on the concentrations
of dissolved solids and specific ions as well as factors such as soil type, soil
drainage, and crop type. Sustained application of water containing large dis-
solved-solids concentrations can result in increased salt concentrations in the
root zone. The part of the applied irrigation water that remains in the soil, the
soil solution, tends to become more concentrated as relatively pure water is used
by plants or lost upward through capillary action and evaporation. If the root
zone is not leached, the salt concentration of /the soil solution will increase
until it reaches the limit of solubility of the sait.

\

According to McKee and Wolf (1971, p. 107) the maximum concentration of dis-
solved solids considered suitable for best crop @rowths of all types of plants,
including salt-susceptible plants, is about 1,000 mg/L (milligrams per liter). A
dissolved-solids concentration of about 3,150 mg/L generally is the maximum for the
safe watering of any plant, provided that drainage is excellent and each watering
is of sufficient volume to leach the root zone. Large concentrations of sodium and
sulfate are primary contributors to salinity problems in eastern Montana.

Large concentrations of sodium in irrigation water can cause accumulations of
sodium ions and a breakdown of granular soil structure. The result is defloccula-
tion of the soil, which results in a sealing of soil pores and a decrease in soil
permeability. Additional increases in sodium percentage cause continued deteriora-
tion of the soil and an increase in pH, producing alkali soil.

A measure of the probability of damage to soil structure from applied irriga-
tion water, termed sodium-adsorption ratio (SAR), was developed by the U.S. Salinity
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Laboratory Staff (1954). SAR indicates the tendency of water to enter into ion-—
exchange reactions in the soil and is defined as:

(Nat)
SAR= (2)
(cat?) + (Mgt?)
2
where ion concentrations (Na = sodium, Ca = calcium, and Mg = magnesium) are ex-—

pressed in milliequivalents per liter. Because divalent cations generally are
preferentlal g held in exchange positions on clay minerals, the displacement of
cat2 and MgtZ by Nat is unlikely unless the sodium percentage is considerably
larger than 50 or the total concentration of solutes is very large (Hem, 1970, p.
229). The Federal Water Pollution Control Administration (1968, p. 155) reports
that SAR values of 4 to 8 may injure sodium—sensitive plants. Waters with an SAR
value greater than 10 will present an appreciable sodium hazard in fine—textured
soil having a large cation-exchange capacity (McKee and Wolf, 1971, p. 110).

The solubilities of sodium sulfate and magnesium sulfate are greater than the
tolerance limit of many plants. Therefore, toxic soil-solution concentrations may
result from sustained application of water containing large sulfate concentrations.
Critical concentrations of sulfate in irrigation water are dependent on soil
drainage, quantity of water applied, and concentration of dissolved constituents,
especially chloride. Chloride concentrations in water in the study area are commonly
small; thus, sulfate is the determining ion. Considering the average chloride
concentrations of 18 mg/L for ground water from 394 sampled wells and springs in
the study area, critical sulfate concentrations range from about 150 to 700 mg/L,
depending on soil conditions.

Ground-water quality

Ground—water quality in the study area varies widely as a function of both
depth and aquifer. Water in aquifers above the Hell Creek Formation and at depths
of less than 200 ft contains an average dissolved-solids concentration of 1,740 mg/L
(table 4). Sodium, bicarbonate, and sulfate are the dominant ions. Average con—
centrations of major cations are 380 mg/L for sodium and 100 mg/L for calcium.
Average anion concentrations are 690 mg/L for bicarbonate and 780 mg/L for sulfate.
Water from wells less than 200 ft deep in recharge areas commonly contains a small-
er percentage of sodium and sulfate, a larger percentage of calcium and bicarbon-
ate and smaller dissolved-solids concentration than water from wells less than
200 ft deep in non-recharge areas. Dissolved-solids concentrations as small as
159 mg/L were present. In many instances, calcium is the dominant cation. As
water moves from recharge areas to discharge areas, dissolution of minerals and
cation exchange results in increased percentages of sodium and sulfate. In dis-
charge areas, water from shallow wells generally is dominated by sodium and sulfate
and may contain dissolved-solids concentrations as large as about 6,450 mg/L.

Water quality in aquifers above the Hell Creek Formation and at depths greater
than about 200 ft is more uniform in quality and contains slightly larger dissolved-
solids concentrations than water in shallower aquifers. Sodium concentrations
are noticeably larger and calcium concentrations commonly are smaller. Average
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Table 4.--Summary of physical~property values and chemical-constituent cpncentrations in water from selected wells

[Consituents are dissolved and concentrations are reportpd in milligrams per liter
except where indicated as micrograms per liter (ug/L). | Abbreviations: umho/cm,
micromhos per centimeter at 25° Celsius; |, less than]

Aquifers above upper Hell Creek confining layer Fox Hills-lower Hell Creek aquifer

Number Number
of sam- of sam-
Property Number ples used Number ples used
or of Aver- for pof Aver- for
constituent samples Maximum Minimum Median age average samples Maximum Minimum Median age average
Specific conduc- 344 9,700 450 2,290 2,420 344 52 5,500 760 1,740 1,850 52
tance (umho/cm)
pH, onsite 213 10.5 6.3 7.8 -- -- 31 9.2 7.6 8.6 -- --
Hardness as CaCOj 340 3,000 3 380 510 340 57 99 0 6 13 57
Noncarbonate hardness 340 2,600 0 0 200 340 57 0 0 0 0 57
as CaCOjy
Calcium (Ca)
Wells less than 266 440 1.2 82 100 266 12 17 1.5 3.0 5.8 12
200 feet deep |
Wells more than 74 330 1.4 7.6 39 74 45 18 .0 1.8 2.5 45
200 feet deep
Magnesium (Mg) 340 490 .1 46 70 340 57 15 .0 .3 1.2 56
Sodium (Na)
Wells less than 266 1,400 3.1 290 380 266 12 740 140 460 460 12
200 feet deep
Wells more than 74 1,500 34 620 600 74 37 1,300 300 420 470 37
200 feet deep
Sodium-adsorption 340 171 .1 9 21 340 52 98 6 70 68 52
ratio (SAR)
Potassium (K) 339 19 .6 5 5 339 49 5 .7 1 1 49
Bicarbonate (HCO3)
Wells less than 266 2,090 60 620 690 266 12 1,550 370 920 920 12
200 feet deep
Wells more than 72 1,740 230 940 980 72 39 1,960 360 770 860 39
200 feet deep
Carbonate (CO3) 125 230 0 0 15 125 33 160 0 40 42 33
Alkalinity as CaCOj 338 1,710 116 570 620 338 55 1,610 303 670 770 55
Sulfide (S) 4 1.6 0 .6 .7 4 -- -- -- -- -- --
Sulfate (SO0z4) '
Wells less than 265 4,200% .3 640% 780%* 265 P12 660% 5.3 160 220 12
200 feet deep i
Wells more than 72 2,400% .2 740%* 680% 72 45 1,300% 1.8 61 140 45
200 feet deep
Chloride (Cl) 337 130 .6 9.4 14 337 57 210 3.1 26 40 57
Fluoride (F) 335 5.7% < . A .9 324 57 5.3% B 2.2 2.2 57
Silica (8i09) 340 50 .9 .6 1 340 48 21 8.3 1" 12 48
Dissolved solids (sum !
of constituents) l
Wells less than 265 6,450% 159 1,540% 1,740% 265 P12 2,040% 461 1,170% 1,180% 12
200 feet deep i
Wells more than 69 4,220% 681* 1,810% 1,910% 69 ‘ 36 3,620* 746* 1,070* 1,190% 36
200 feet deep |
Nitrate as N 157 33% .02 1.2 2.8 157 C 1 1.0 .00 .00 .18 11
Phosphorous (P) - - -- - - - 1 3 .70 .26 .69 .55 3
Aluminum (Al) (ug/L) 76 370 <30 30 m 37 9 100 <30 <30 70 2
Arsenic (As) (ug/L) 72 24 0 0 3 51 b9 3 0 0 1 7
Barium (Ba) (ug/L) 83 1,100%* <10 50 150 50 1 200 <50 50 98 4
Boron (B) (ug/L) 97 2,700 <20 310 440 96 15 1,600 90 1,000 950 15
Cadmium (Cd) (ug/L) 73 16% <2 2 5 33 8 6 <2 <2 -- --
Chromium (Cr) (ug/L) 76 30 <2 3 9 39 8 3 <2 <2 -- --
Copper (Cu) (ug/L) 78 58 <2 12 21 57 9 10 <2 <2 9 2
Iron (Fe) (ug/L) 248 26,000%* <2 100 960%* 225 56 2,100% 0 55 120 55
Lead (Pb) (ug/L) 81 150 0 40 62 24 9 50 0 40 -- --
Lithium (Li) (ug/L) 137 240 <2 50 64 135 21 200 30 60 80 21
Manganese (Mn) (ug/L) 335 4,200% <1 30 200% 225 47 210% <3 10 24 21
Mercury (Hg) (ug/L) 7 < .5 < .5 < .5 - - 1 < .5 < .5 < .5 - -
Molybdenum (Mo) (ug/L) 81 90 <5 20 40 42 9 60 <5 20 42 3
Nickel (Ni) (ug/L) 76 120 <10 20 43 43 9 40 <& 10 28 3
Selenium (Se) (ug/L) 79 80* 0 0 6 43 12 5 0 0 1 7
Silver (Ag) (ug/L) 76 43 <2 2 12 29 8 6 <2 <2 6 2
Strontium (Sr) (ug/L) 90 12,000 70 1,200 1,930 90 12 590 30 10 160 12
Vanadium (V) (ug/L) 76 57 <1.0 6.5 16 43 9 1 <1.0 <1.0 6.4 3
Zinc (Zn) (ug/L) 76 28,000%* <4 60 710 68 9 250 0 20 80 7
*Exceeds standard established by U.S. Environmental Protection Agency, 1977, 1979.
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sodium concentration of water tested was 600 mg/L and average calcium concentration
was 39 mg/L. Bicarbonate concentrations commonly are larger than sulfate concen—
trations, whereas the reverse generally is true in the shallower aquifers. Average
bicarbonate concentration was 980 mg/L and average sulfate concentration was 680
mg/L. Dockins and others (1980) reported that the decrease in sulfate concentra-
tion in southeastern Montana is a result of the action of sulfate—~reducing bacteria.
Although not documented, the same process probably occurs in the Fort Union coal
area of east—-central Montana.

Water from wells completed in the Fox Hills-lower Hell Creek aquifer is nota-
bly different in chemical character from water contained in overlying aquifers. The
water in the Fox Hills-lower Hell Creek aquifer is dominated by sodium and bicarbon-
ate and contains smaller concentrations of calcium and sulfate than water from over-
lying aquifers. Average concentrations for constituents in water from the Fox Hills-
lower Hell Creek aquifer less than 200 ft deep are: calcium, 5.8 mg/L; sodium, 460
mg/L; bicarbonate, 920 mg/L; and sulfate, 220 mg/L. Average concentrations for
water at depths greater than 200 ft in the Fox Hills-lower Hell Creek aquifer are:
calcium, 2.5 mg/L; sodium, 470 mg/L; bicarbonate, 860 mg/L; and sulfate, 140 mg/L.
Average dissolved-solids concentration is about 60 to 70 percent of the average
concentration in water in overlying aquifers and the range is smaller. Water in
the Fox Hills—-lower Hell Creek generally is soft with an average hardness (as cal-
cium carbonate) of 13 mg/L, whereas water in overlying aquifers generally is very
hard with an average hardness of 510 mg/L. Composition of chemical counstituents
in the Fox Hills-lower Hell Creek aquifer does not vary significantly with depth.

Analyses of water samples collected from wells in the study area indicate that
most water contains constituent concentrations that are in excess of standards
(table 3) for drinking water established by the U.S. Environmental Protection Agency
(1977, 1979). Maximum values for sulfate, fluoride, and dissolved solids for all
aquifers sampled exceeded the standards. The maximum value for nitrate (as N) in
aquifers above the Hell Creek Formation exceeded the standards. Average and median
values of sulfate for aquifers above the Hell Creek and the average and median
values of dissolved solids for all aquifers exceeded the standards.

Variation in concentration of most trace constituents is not large from aqui-
fer to aquifer (table 4). Where significant variation exists, concentrations gen-
erally are larger in aquifers above the Hell Creek Formation. Median values for
boron, iron, manganese, nickel, and zinc show an approximate one- to three-fold
variation. The variation in copper and strontium is most pronounced. Median
values show more than a 6—-fold wvariation in copper and a 10-fold variation in
strontium.

Commonly, concentrations of trace constituents are less than standards for
drinking water (U.S. Environmental Protection Agency, 1977, 1979). Some samples,
however, contained concentrations in excess of the standards. Maximum values
obtained for barium, cadmium, iron, lead, manganese, selenium, and zinc in water
from aquifers above the Hell Creek Formation exceeded the standards. Maximum
values for iron and manganese in water from the Fox Hills-lower Hell Creek aquifer
were in excess of the standards. Median values for all trace constituents were
less than the standards. The extremely large maximum values for iron, manganese,
and zinc may be the result of contamination by the well casing and lack of suffi-
cient pumping before the sample was collected.

27



Average dissolved—-solids concentrations of 1,180 to 1,910 mg/L (table 4) for
individual aquifers indicate that most of the ground water in the study area can be
classified as good to excellent for livestock watering. Water containing dissolved-
solids concentrations near the observed maximum of 6,450 mg/L, however, may be
shunned by livestock that are accustomed to less mineralized water.

The commonly large dissolved-soiids concentrations, average sulfate concentra-
tions of 140 to 780 mg/L, and average SAR values of 21 to 68 (table 4) result in high
to very high salinity and sodium hazards. Consequently, most ground water in the
study area is not suitable for irrigation use.

Surface-water quality

The water quality of streams is monitored at selected locations (fig. 6) in the
study area. Streamflow water quality is variable and is dependent primarily on flow
conditions. Dissolved—-solids concentration generally is largest during intervals of
low flow, when streamflow is sustained by ground~water inflow. Dissolved—-solids
concentration is smallest during intervals of high flow resulting from snowmelt
or rainfall runoff (fig. 7). Minimum dissolved-sélids concentrations result from
runoff over frozen ground.

Records from water—quality monitoring stations on small streams within the
study area (McKinley, 1979; J. H. Lambing, U.S. Geological Survey, Helena, Mont.,
written commun., 1982) give ranges of dissolved solids for the period of record at
these sites as: Timber Creek near Van Norman (station 06131120), 468 to 5,530 mg/L;
Nelson Creek near Van Norman (station 06131200), 181 to 6,960 mg/L; Prairie Elk
Creek near Oswego (station 06175540), 160 to 2,380 mg/L; Sand Creek near Wolf Point
(station 06175580), 212 to 2,480 mg/L; Redwater River at Circle (station 06177500),
216 to 4,270 mg/L; Redwater River near Vida (statiom 06177825), 270 to 3,490 mg/L;
and Burns Creek near Savage (station 06329200), 222 to 1,620 mg/L. Most streamflow
during intervals of low flow is of the sodium suifate type (fig. 8), which is a
reflection of the ground-water quality and geology in the area. Water in the
downstream reaches of Prairie Elk and Sand Cree?s is of the sodium bicarbonate
type, probably a result of ground-water inflow from the Fox Hills Sandstone and
the lower part of the Hell Creek Formation. During‘times of high flow, the percent-
ages of sodium and sulfate ions decrease and calcium, magnesium, and bicarbonate
ions generally increase owing to the effects of the surface-runoff component.

Dissolved—-solids and sulfate concentrations in most small streams exceed U.S.
Environmental Protection Agency (1977, 1979) maximum recommended limits for drinking
water (table 3), but generally are less than the maximum limits recommended for
livestock watering. Dissolved~solids concentrations in small streams commonly
exceed the 3,150 mg/L considered to be the maximum for the safe watering of any
plant, and the water in most streams 1s considered to have a high to very high
salinity hazard. Also, average SAR values range |[from 4.1 to 16 (McKinley, 1979),
which produces a medium to very high sodium hazard. As a result, water from these
small streams generally is not suitable for irrigation use on most soils. However,
during intervals of high streamflow, dilution of base flow by overland runoff from
spring snowmelt and summer rains (fig. 7) may provide water that is suitable for
irrigation.

Quality of water in the Missouri and Yellowstone Rivers differs significantly
from that in the smaller streams in the study areal, because these streams primarily
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EXPLANATION
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Figure 8.--Relationship of discharge to water type and dissolved-solids concentra-
tion at selected stations on small streams.
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transport water that, in large part, originated upstream from snowmelt in the Rocky

Mountains.
study area.

A very small percentage of the flow

Dissolved—-solids concentrations in both the

i]

these rivers originates in the

Missouri and Yellowstone Rivers

are commonly much less variable than in small streams within the area and generally

range from 400 to 600 mg/L.
with higher flows.
equal concentrations.
River near Culbertson (station 06185500, fig. 6)
River near Sidney (station 06329500) are much le
smaller streams.

Environmental Protection Agency recommended lim

dissolved-solids concentrations of 427 and 476 mg

at the same stations indicate that the water is

SUMMARY

The shallow aquifers are sedimentary geologi
Geologic wunits that ¢
the Fox Hi

Cretaceous to Holocene.
system consist of, in ascending order,

tion, Fort Union Formation, glacial deposits,

Maximum thickness of the section is about 2,300 ft.

in and near the study area are the Redwater a
Circle basin, Blood Creek syncline,

At times the sulfate concentr

Sheep Mountain syncline, Poplar dome,

The smaller dissolved-solids values usually coincide
Calcium and sodium are the primary cations and occur in about
Average sulfate concentrations of 173 mg/L for the Missouri

nd 211 mg/L for the Yellowstone
jf than the concentrations in the
tions slightly exceed the U.S.
t for drinking water. Average
/L and SAR values of 1.5 and 1.9
guitable for irrigation supplies.

i

c units ranging in age from Late
pmpose the shallow ground-water
|11s Sandstone, Hell Creek Forma-
terrace deposits, and alluvium.
Prominent structural features
nticline, Cedar Creek anticline,
Weldon

fault, Brockton-Froid fault zone, and Williston basin.

The thick sequence of the Bearpaw Shale is

barrier to vertical movement of

water and is considered to form the lower boundary of the shallow aquifer system.

Average yields of wells completed in consolidate
are:

sandstone lenses; and Tongue River aquifer,
unconsolidated units are 10 gal/min from the F1
gal/min from the glacial drift aquifer; 20 gal/
altitudes along major streams; and 5 to 10 gal

geologic units above the Bearpaw

Fox Hills-lower Hell Creek aquifer, 50 gal/min; Upper Hell Creek confining
layer, 5 gal/min; Tullock aquifer, 5 gal/min; Leb
5 to 10 gal/min.

confining layer, 9 gal/min from
Well yields from
axville where it is saturated; 8
min from terrace deposits at low
/min from alluvium along smaller

streams and several hundred gallons per minute along larger streams.

Alternating aquifers and confining layers c
and interfingering within most units results in co
flOWo

upled with complex intertonguing
%plicated patterns of ground-water

Difference in water quality indicates that two general flow patterns are
present in aquifers above the Hell Creek Formati

on. A flow pattern that is con-

trolled by the local topography occurs in aquifers less than about 200 ft below
land surface and a more regional flow pattern ocdurs in aquifers at depths greater

than about 200 ft.

The distinct chemical character of water contained in the Fox

Hills-lower Hell Creek aquifer may indicate a separate flow path.

Recharge to the shallow ground-water system
tration of rainfall and snowmelt on the outcrops
ated surface runoff in streams.
snowmelt is estimated to be 50,000 acre-ft/yr.
contributed by seepage from Fort Peck Lake and
irrigation water.
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Discharge from the shallow ground-water system primarily is to perennial
streams. Lesser quantities of water are discharged by evapotranspiration and
wells. Discharge to the Redwater River is estimated to be about 5,000 acre-
ft/yr. About 2,000 acre-ft/yr is withdrawn by wells for livestock watering and
about 2,500 acre-ft/yr is withdrawn for domestic use. The annual evapotranspi-
ration rate in the area is estimated to be between 34 and 45 in.

Ground-water quality in the area varies significantly as a function of depth
and aquifer. Water from aquifers at depths less than about 200 ft contains an
average dissolved-solids concentration of 1,740 mg/L, with sodium, bicarbonate,
and sulfate being the primary ions. Water in aquifers greater than about 200 ft
deep and above the Hell Creek Formation contains slightly larger dissolved-solids
concentrations and noticeably larger sodium concentrations than water from aqui-
fers less than 200 ft deep. Water from the Fox Hills-lower Hell Creek aquifer
is dominated by sodium and bicarbonate, with an average dissolved-solids concen-
tration of 1,180 mg/L. Water from the Fox Hills~lower Hell Creek aquifer general-
ly is soft, whereas water from overlying aquifers generally is very hard. Most
ground water in the area does not meet standards for public drinking water estab-
lished by the U.S. Environmental Protection Agency. Most ground water in the
area can be classified as good to excellent for livestock watering. Because of
large dissolved-solids and sulfate concentrations, most ground water in the
area is not suitable for irrigation.

The Fort Union coal region is principally drained by the Missouri and Yellow-
stone Rivers. Tributaries to these rivers include the Redwater River and Prairie
Elk, Sand, Burns, and Cherry Creeks. Most streams within the area are ephemeral
or intermittent and the volume of streamflow varies greatly. Average monthly
flows range from 7,466 to 13,700 ft3/s in the Missouri River and 4,479 to 46,310
in the Yellowstone River. Average monthly flows in smaller gaged streams range
from near zero to about 200 ft3/s. Minimum flows generally occur in midwinter,
whereas the largest flows occur in the spring as a result of snowmelt and rain-
fall.

Water quality in streams within the study area is dependent primarily on flow
conditions. Dissolved-solids concentrations generally are largest during low-flow
intervals when streamflow is sustained by ground-water inflow. During times of
high flow from runoff, dissolved-solids concentrations and the percentages of
sodium and sulfate decrease, and the percentages of calcium, magnesium, and
bicarbonate increase. Dissolved-solids concentrations of water samples collected
from small streams within the area ranged from 160 to 6,960 mg/L. Quality of
the water in the Missouri and Yellowstone Rivers differs significantly from
water in the smaller streams, because only a small percentage of the streamflow
originates in the study area. Dissolved-solids concentrations in these streams
generally range from 400 to 600 mg/L. Water from the Missouri and Yellowstone
Rivers is suitable for irrigation, whereas water from streams within the study
area generally is suitable only during times of high streamflow.
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